Mitogen-Mediated
Protein Phosphorylation Werner's syndrome is an autosomal recessive genetic disease characteristic for acceleration of the aging-associated processes including deficiencies in immune system and connective tissue metabolism (15) . Fibroblasts from patients with Werner's syndrome usually show a prolonged doubling time and reduced life span (14) . Studies including cocultivation and cell fusion of normal and Werner's fibroblasts showed no evidence for complementation between these cells (14) . Recently, Bauer et al.
(1) reported an observation that Werner's fibroblasts have a markedly attenuated mitogenic response to PDGF and FGF; they postulated that failure of a step(s) in these growth factor-mediated pathways in Werner's syndrome cells may contribute (13) . Although the exact mechanisms of signal transduction in these growth factors are still unclear, one of the important initial signals is believed to be caused via protein phosphorylation (13) . The receptors for these growth factors contain a tyrosine-specific protein kinase whose activity is stimulated by ligand binding. Furthermore, PDGF and FGF are shown to activate protein kinase C via stimulating the phosphatidylinositol (PI) turnover (3). A potent tumor promoting agent, TPA directly binds and activates protein kinase C bypassing the PI turnover (10) . Treatment of cells with TPA is known to lead to an increase in intracellular cAMP levels (2). Binding of EGF to its receptor enhances receptor autophosphorylation at a tyrosine residue and simultaneously increases receptor phosphorylation at serine and threonine residues which are presumably catalyzed by cAMP dependent protein kinases (8, 12 Thus, in Werner's cells a mechanism coupling PDGF receptor, PI turnover and protein kinase C activation is apparently operational and therefore the activated protein kinase C phosphorylated the Mr 80 K protein. This phosphorylation reaction was, however, insufficient to trigger DNA synthesis.
Analysis of phosphotyrosine-containing proteins. Phosphotyrosine-containing proteins were analyzed by the use of an anti-phosphotyrosine antibody. As shown in Fig. 4 -A several species of proteins including Mr 250 K, 135 K, 110 K, 78 K and 42 K were detected in normal HF-O cells. After mitogenic treatment, no significant enhancement of phosphorylation was observed. The same phosphoproteins were detected in mitogen-stimulated Werner's WF-1 cells, but not in untreated WF-1 cells (Fig. 4-B) . These immunoprecipitated proteins must be phosphorylated at tyrosine residues because addition of phosphotyrosine completely inhibited the immunoprecipitation. However, phosphoamino acid analysis revealed that serine residues are far more phosphorylated than tyrosine residues. A typical result of Mr 42 K protein is shown in Fig. 5 . Thus, phosphorylation of several phosphotyrosine- (15) . We have shown here that WF-1 fibroblasts derived from a Japanese patient exhibit a prolonged doubling time and reduced life span as has been seen in other Werner's fibroblasts (14) . Furthermore, our analysis revealed significant difference in protein phosphorylation patterns of normal and Werner's fibroblasts.
Recently, Bauer et al.
(1) reported an observation that Werner's fibroblasts have a markedly attenuated mitogenic response to PDGF and FGF and they postulated that failure of a step(s) in these growth factor-mediated pathways in Werner's syndrome cells may contribute to the phenotypic expression of the disorder. WF-1 cells were also unable to respond to various growth factors including PDGF, FGF, EGF and insulin. Although the exact mechanisms of signal transduction are still unclear, the early responses initiated after exposure of cells to these growth factors include:
[1] activation of a tyrosine-specific protein kinase integrated in the receptor and subsequent phosphorylation of the target molecules, and [2] activation of protein kinase C through enhancement of PI turnover and phosphorylation of the target molecules. We examined whether these responses are operational in Werner's WF-1 cells.
A Mr 80 K phosphoprotein is reported to be one of the major proteins whose phosphorylation is enhanced by PDGF and FGF in normal human fibroblasts and other cells (4). This Mr 80 K protein is believed to be a substrate for protein kinase C and enhancement of its phosphorylation is considered as a good marker for the presence of activated protein kinase C. We observed that PDGF, but neither EGF nor insulin stimulates the Mr 80 K protein phosphorylation.
The Mr 80 K protein phosphorylation was also stimulated by TPA; which is known to directly bind and activate protein kinase C bypassing the PI turnover (10) . PDGF is known to stimulate PI turnover, resulting in an activation of protein kinase C whereas EGF and insulin can not stimulate PI turnover (4). Thus, we assumed that signals generated by the PDGF receptor are transmitted to protein kinase C presumably through the activation of PI turnover. Yet, the Mr 80 K protein phosphorylation was insufficient to initiate DNA synthesis. Binding of growth factor to their receptor enhances receptor autophosphorylation at a tyrosine residue and simultaneously increases receptor phosphorylation at serine and threonine residues which are presumably catalyzed by Ca2-, phospholipid dependent protein kinase and cAMP-dependent protein kinases (8, 9, 12) . Thus, mitogenic agents can give rise to a variety of protein phosphorylations which are mediated by tyrosine-specific receptor kinase, serine/threonine-specific protein kinase C and cAMP-dependent protein kinases. Several species of phosphotyrosine-containing proteins including Mr 250 K, 135 K, 110 K, 78 K and 42 K were detected in normal HF-O cells. However, their phosphorylation was not significantly enhanced by mitogen treatment. The same species of phosphoproteins were detected in mitogen-stimulated Werner's WF-1 cells but not in untreated WF-1 cells. In these immunoprecipitated proteins, serine residues are more phosphorylated than tyrosine residues. Thus, phosphorylation of several phosphotyrosine-containing proteins was apparently decreased in Werner's cells. Furthermore, in senescent Werner's cells, these phosphoproteins were not detected in PDGF-or TPA-treated cells (data not shown). It is not clear whether abolishment of these phosphoproteins in senescent cells is due to a decrease in either the phosphotyrosine content or phosphoserine content. Yet, it is likely that phosphorylation of phosphotyrosine-containing proteins decreases as cells become aged. These results together suggest that the reduction of phosphorylation of these target proteins may be in part responsible for the diminished mitogenic responsiveness of Werner's fibroblasts.
